This paper presents linear and goal programming optimization models for determining and analyzing the food basket in Bosnia and Herzegovina (BiH) 
INTRODUCTION
Two specialized agencies of the United Nations, the FAO (Food and Agriculture Organization) and WHO (World Health Organization) are making efforts to define international recommendations for the intake of essential nutrients. Estimations of the quality and quantity of food lack for people with compromised nutritional status are based on nutritional needs standards. The results of these estimations can countries that have set nutrition-based recommendations, BiH has no such recommendations or studies that address the question of setting nutrition-based recommendations for its citizens. This is the reason why this study aims to apply linear programming and goal programming optimization models for determining and analyzing the food basket in BiH using nutritional needs harmonized with the recommendations of the World Health Organization (WHO) and the World Bank (WB). The linear programming (LP) model and goal linear programming model (GLP) are adequate since prices and nutrient content are linearly related to the weight of food items.
The paper is divided into five parts. The literature review provides an overview of the theoretical background and application of linear programming models for analyzing nutrition needs for specific age groups and specific countries. Section 3 explains the data and methodology used for the analysis of the food basket in BiH. The results and analysis are presented in Section 4, which is divided into four main parts: a determination of the absolute minimal daily costs; a determination of minimal daily costs according to the food pyramid; an analysis of the BiH food basket provided by WB and the creation of an LP model to increase food basket efficiency. Finally, brief summary and concluding remarks are given in Section 5.
LITERATURE REVIEW
Application of linear programming to analyze food intake is mostly related to cost minimization. There have been many studies that use a linear programming approach focused on countries with extreme poverty or a society's vulnerable groups, such as infants, children, the elderly, people suffering from specific diseases, etc. Skau, J. et al. (2013) have used linear programming to investigate whether four different complementary food products could contribute to fill nutrient gaps in the local diets for 6-11 month-old Cambodian infants and therefore to ensure an adequate diet. Even though this study has its limitations (a small sample size regarding dietary data, and dietary data collected by using the average recipes of mixed-food dishes, etc.), it emphasized the value of LP for planning a nutritionalintervention program. Darmon, N., Ferguson, E. and Briend, A. (2002) explained the use of linear programming as a method to design nutrient-adequate diets of optimal nutrient density and to identify the most stringent constraints in nutritional recommendations and food consumption patterns in a population's diet in rural Malawi, Africa. This study showed that linear programming can be used to identify dietary patterns and limiting nutrients and to assess whether a nutritionally adequate diet is achievable with locally available foods in different seasons, as well as to identify combinations of foods and portion sizes needed to achieve a nutrient-dense diet and desirable modifications to observed food patterns.
In addition, a certain number of studies analyze the food poverty threshold and recommend methods that enable reducing the population under the poverty threshold, based on an analysis of the food basket. Recommendations are related to specific food items and agricultural activities, Pretty, J.N., et al. (2003) ; Greer and Thorbecke (1986) and Kyereme and Thorbecke (1987) . In this way, Drewnowski, A. and Specter, S.E., (2004) analyzed the relationship between food quality and economic value and the effect of the increase of high energy density food intake as a result of a convenient ratio of cost and energy. The study associates inequality, poverty and education with the increase of inadequate food patterns. Anderson, A.S et al. (2007) analyzed healthy food baskets without the application of any mathematical model. Instead, the study is based on a qualitative analysis of food (population-based dietary surveys and the current definition of healthy foods by the UK Food Standards Agency). The aim of study was "to develop an objective, nutrient-based, healthy eating indicator shopping basket (HEISB) tool for use in studies of access to healthy food." The final HEISB tool comprised 35 items within the following categories -17 from fruit and vegetables, nine from potatoes, bread and cereal, five from fish/meats, three from dairy, and one from fatty and sugary foods. The availabilty of food items for the chosen food basket is determined in all Schotland areas, with significant price variations depending of area and sale type, Dawson, J. et al. (2008) .
The studies that use LP as a tool to design and analyze food baskets are mainly associated with nutritional food quality. Darmon, N., Ferguson, E.L. and Briend (2002) , apart from identifying the lowest cost of a nutiritional diet, also analyzed different uses of LP. They developed an LP model that simulates influences one isolated factor to other variables. The goal function is defined as the sum of relative measures of absolute deviations from the average intake of a food item for corresponding LP variables. They concluded that costs cause an increase of a certain food intake and "added considerable support to the idea that economic constraints are a major factor in determining the nutritional value of foods purchased." By using the same goal function design, Darmon, N., Ferguson, E.L. and Briend (2006) analyzed the influence of cost constraints to food selection and an adequate nutritional A nutritional analysis of the food basket in BiH: a linear programming approach diet for French women. The study indicates that, without cost constraints, the modeled diet prefers energy from fish, fruits and vegetables. If cost constraints are included, the share of meat, eggs and milk intake is increased. Authors concluded that WHO recommendations are achievable for middle -and upper -income French women, but for those on a low food budget, a different food -based recommendation is required. Rambeloson, Z.J., Darmon, N. and Ferguson, E.L. (2008) used LP to "identify the minimum changes required in the actual donation to achieve the French recommendations. " They stated that "French food-bankdelivered food aid does not achieve the French recommendations for dietary fibre, ascorbic acid, vitamin D, folate, magnesium, docosahexaenoic acid, α-linolenic acid and the percentage of energy from saturated fatty acids." The study showed that, by using an LP model, these recommendations are achievable if more fruits, vegetables, legumes and fish were collected and less cheese, refned cerals and foods rich in fat, sugar or salt. Oktubo, H. et al. (2015) developed mathematically optimized food intake patterns that met the recommended daily intakes for 28 nutrients studied in each sex and age group (192 healthy Japanese adults aged 31 -76 years divided into two groups <50 and ≥ 50 years). Using a linear programming model they identified optimal food intake patterns providing practical food choices and meeting nutritional recommendations for the Japanese population.
Gerdessen, J.C. and De Vries, J.H.M. (2015) explained the usage of extended goal programming tools in designing diets that are consistent with nutritional, palatability and cost constraints. The authors defined different goal functions and applied them on a diet problem which included 144 foods, 19 nutrients and several types of palatability constraints. Nutritional constraints are modeled with fuzzy sets. The study investigated the sensitivity of results in different models and states that a range of solutions with various properties can be obtained from the same dataset.
In Bosnia and Herzegovina, Pašić, M. et al. (2011) developed a linear programming optimization model of food consumption with minimal costs to meet the daily nutritional needs of the average woman and the average man, in accordance with World Health Organization standards. They have used the 59 most frequent food items gained out of a survey of 50 households as decision variables. Pašić, M. et al. (2012) showed that it is possible to develop a goal programming model with available household budget and at the same time meets required nutritional needs.
THE DATA AND METHODOLOGY
This paper aims to find the absolute minimal daily food intake costs that meet nutritional needs and to analyze the adequacy of the official BiH food basket provided by the World Bank. Based on the official food basket, linear programming modeling is used to provide a more efficient solution for the food basket. We used World Health Organization recommendations for the daily nutritional needs of average men and women, and price information on 158 food items from the BiH Statistical Agency. The data used for modeling consists of 158 food items from the BiH consumption expenditure according to a COICOP classification. The food item's average prices in 2015 are used.
The form of the basic model used in this study is:
where, ci -is the average price of the products in 2015; -χ i is the 158 food item decision variables (η=158). The constraints are UL -Upper daily limits and RDI -Recommended daily intake for nutrients. The daily nutritional needs of average adults are used according to the US Department of Health & Human Services -NIH (National Institutes of Health) 1 and incorporated into model constraints. The nutrients that are used in the constraints are divided into three groups: macronutrients, vitamins and minerals. Finally, we formed a model with 54 constraints (m=27).
Later, according to the goals and requirements of analysis, the basic model is modified. We have developed a goal programming model in order to minimize deviations from nutrients constraints for a fixed budget. The LP model is modified and improved by using the parts of solution obtained by application of the GP model.
RESULTS AND DISCUSSION
Through the application of linear programming models are determined with the absolute minimal daily costs, the minimal daily costs according to food pyramid, maximal food basket efficiency, and which analyze the official BiH food basket provided by the WB.
Determination of absolute minimal daily costs
We estimated the model with the absolute minimal costs and which satisfied nutritional needs. The resulting food basked is analyzed according to the US Department of Health and Human Services food pyramid (where food items are divided into 6 major groups: 1. cereals, bread and pasta 40%; 2. sugar and fat 1-2%; 3. meat, fish and eggs (12,5%); 4. milk and dairy products (12,5%); 5. fruits (14%) and 6. vegetables (20%)).
The obtained results show that the minimal daily costs for men amount to 1.95 KM. However, by analyzing the content of the optimal food basket for the first model, we found that a small number of food items (just 11) are included. Also, by comparing the percentage shares of food groups with the corresponding groups in the food pyramid, we found that the obtained values significantly deviate from those recommended (Figure 1) .
Similar results are obtained for women with a minimal daily food cost of 1.84 KM (Figure 2) . Again, very few food items are included in the food basket and there is significant deviation from the percentage shares of food groups recommended by the food pyramid.
Determination of minimal daily costs according to food pyramid
In order to improve the first model, we expanded the set of constraints by the percentage shares of food groups recommended by the food pyramid. The models with the exact percentage shares and also with +/-10% and +/-20% from the recommended percentage 
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Analysis of the BiH food basket provided by the WB
According to selected nutritional constraints, we have analyzed two BiH food basket structures provided by the WB. We used the food basket structure given in the "Poverty and Living Conditions" report from the Household Budget Survey 2007. This document doesn't provide a methodology for the selection of food items or a criteria for their corresponding quantities, so we aimed to investigate whether the LP model fits into frame presented or whether it can provide better solution from a nutritional point of view. Food basket methodology documentation in Montenegro decribes how the selection of the included food items for a food basket, both in Montenegro and other former Yougoslav countries, was inherited from the official statistical agencies of Yougoslavia. The food basket consisted of 66 food items. Reaserch on a food basket including 156 food items was conducted in Montenegro. It concluded that over 90% of consumption was associated with 54 items, all of which were already included in a previous list of 66 food items. This is the one of probable reasons why the WB recommends a food basket of 66 food items for BiH.
In the abovementioned document, "Poverty and Living Conditions" , two different food basket structures are given: the first is named the "starting food basket, " and the second the "optimal food basket. " This list of food items is different from that which we obtained under the COICOOP classification, so it was necessary to make certain adjustments. Based on the LP model, we obtained minimal costs with the suggestions of the structures of "food basket 1" and "food basket 2".
The results for an average man are given in Table 2 . In the first food basket, minimal costs amount to 3.54 KM, but not all of the constraints are met. For example, in the case of an adult man, there are deficiencies in the adequate intake of vitamins B12 and B5, and also Calcium, Magnesium, Sodium and Potassium. It can A nutritional analysis of the food basket in BiH: a linear programming approach be investigated whether the permanent lack of these nutrients can cause certain diseases. In the second model, the minimal costs are 3.21 KM and, in several cases, exceeded the lower or upper limits. Table 3 presents the results from the second model.
Again, there are lacks in the adequate intake of E vitamin, Calcium, Magnesium and Potassium, and an excessive intake of vitamins A and B3 and Sodium.
Creation of an LP model to increase food basket efficiency
In the end, based on the LP model, we suggested a more efficient food basket structure that would meet all constraints with lower costs. We have modified the LP model constraints by including restrictions related to variables or sets of variables according to the structure of the food basket suggested by the WB. We also used the results of the GP model obtained on the basis of a fixed budget to modify the constraints of the LP model in order to minimize deviation from the original food basket. The results of the GP model offer different structures for food baskets according to constraints and a pre-defined budget. For all of these different food baskets we have analyzed the structure related to the food pyramid, and selected a food basket with a budget of 3.54 KM. This is the same budget that we calculated in "food basket 1" (Table 2 ) except that we offer a different food basket structure. Our food basket meets the nutritional requirements for an average man. The resulting food basket, presented in Table 4 , follows the structure of the "66 item" food basket, costs 3.54 KM on a daily basis and satisfies all of the recommended nutritional needs. A nutritional analysis of the food basket in BiH: a linear programming approach
The resulting food basket follows the structure of the food pyramid more efficiently than the food basket from the first model (Figure 2) .
Note that the structure of the food basket follows the list of food items contained in the document "Poverty and Living Conditions" report from the Household Budget Survey 2007, from the BiH Statistical Agency. In this document, certain groups of products are classified into groups or not listed. For example, no. 36 is coffee, while numbers 37, 38 are omitted, and in the original list should be tea and cocoa.
CONCLUSION
This paper analyzes the food basket, aiming to minimize daily food costs while satisfying recommended nutritional daily requirements. A few LP models were created and the results showed that the minimal daily food costs in BiH were 1.95 KM for the average man and 1.84 KM for the average woman. The structure of the optimal food basket contained approximately 74% vegetables. Therefore, an additional request regarding adherence to the food pyramid structure was included. In the sequel, instead of the food pyramid, the structure of the food basket provided by World Bank was used. For the proposed two food baskets (starting and optimal), determined LP models had resulted showing daily food costs of 3.21 KM and 3.54 KM, while nutritional constraints were not met. The LP model was modified in several ways and the GP model was introduced in order to minimize deviation from the proposed food basket proposition with nutritional needs met. The results were included into a modified LP model and the optimal food basked resulted in daily food costs of 3.54 KM, with all nutritional needs satisfied.
Specifically for BiH we can see that the food basket consists of a large percentage of vegetables and fruits, and cost reduction is achieved by increasing the percentage of vegetables. We found that a food basket that can satisfy nutrition demands for a healthy diet can be created even below the extreme poverty line (according to EU commission data, the extreme poverty line is 1 $ to 2.15 $ 2 ). We believe that this result can be used in the poverty analysis in Bosnia and Herzegovina (for the analysis of the adequacy of a nutritional poverty threshold or in determining the 2 The $1 per day concept came from collecting together the standards used by 15 of the world's poorest countries and for the CEE/CIS countries the World Bank has suggested an absolute poverty line of $2.15, Manuscript European Commission (2011), http:// ec.europa.eu/social/ size and causes of extreme poverty results),and that this result can be used in the planning of agricultural production.
Methodologically, this paper brings a new and different application of LP to nutrition basket analysis. The LP model has been transformed according to GP logic, so that the previous LP goal function has become a budget constraint and the new goal function is defined as the minimum deviation from the previously given values. In our case this was the structure of the food basket, which was known in advance. This research is mainly quantitative and we believe that the qualitative aspect with the appropriate involvement of nutritionist experts will lead to improved research.
